A novel endophytic bacterium, designated strain HZ10
The genus Herbaspirillum belongs to the family Oxalobacteraceae within the class Betaproteobacteria. Members of this genus have been isolated from plant tissue, water, soil and sediment [1] [2] [3] [4] [5] . The type species, Herbaspirillum seropedicae, was first described as a root-associated nitrogen-fixing bacterium based on semi-solid NFb medium [6] by Baldani et al. [2] . After detailed taxonomic studies, the plant pathogen Pseudomonas rubrisubalbicans was reclassified into the Herbaspirillum genus as Herbaspirillum rubrisubalbicans [7] . Recently, four other Herbaspirillum speciesHerbaspirillum canariense, Herbaspirillum aurantiacum, Herbaspirillum soli, Herbaspirillum psychrotolerans and Herbaspirillum massiliense -were reclassified into a new genus, Noviherbaspirillum [8, 9] . At present, the genus Herbaspirillum consists of 10 species with validly published names: H. seropedicae [2] , H. rubrisubalbicans [7] , Herbaspirillum frisingense [10] , Herbaspirillum lusitanum [4] , Herbaspirillum chlorophenolicum [1] , Herbaspirillum autotrophicum [11] , Herbaspirillum huttiense [11] , Herbaspirillum hiltneri [12] , Herbaspirillum rhizosphaerae [5] and Herbaspirillum aquaticum [3] .
In a screen for bacterial strains with plant growth-promoting traits that may facilitate phytoremediation, strain HZ10 T , which can produce indole-3-acetic acid and siderophore and possesses 1-aminocyclopropane-1-carboxylate deaminase activity, was isolated from root nodules of Robinia pseudoacacia plant growing in a lead-zinc mine in Mianxian County (33 6¢ 53 .3¢¢ N, 106 47¢ 32.2¢¢ E), Shaanxi Province, China. The bacterial isolate was classified into the genus Herbaspirillum following 16S rRNA gene sequence analysis. The analysis of phenotypic and genetic characteristics showed that HZ10
T is a novel species that belongs within the genus Herbaspirillum.
The surfaces of the root nodules were sterilized by immersing them in 95 % ethanol and 0.2 % HgCl 2 and rinsing them six times with distilled water, as described previously [13] . Next, the surface-sterilized nodules were crushed and streaked [14] on a yeast-mannitol agar (YMA) medium and incubated at 28 C for 3-5 days. Single colonies were selected and repeatedly streaked on the same type of medium. The purified isolate was maintained on agar Morphological properties were examined by light microscopy (Olympus CX31) and scanning electron microscopy (JSM 6360LV) by using cultures grown for 3 days at 28 C on YMA. The Gram staining and methyl red assay were performed by using the staining method described in Dong and Cai [15] . Cell motility was determined in a tube containing a semisolid medium [16] . Catalase test was performed as outlined by Cappuccino and Sherman [17] . H 2 S production was studied as described by Smibert [18] . Resistance to antibiotics was tested on YMA plates [19] . Growth on different media was also tested by using YMA, Luria-Bertani (LB) and tryptic soy agar (TSA) at 28 C. The temperature evaluation (at 4, 10, 20, 30, 37 and 45 C) was carried out after incubation for 3-5 days at 28 C. NaCl concentrations was determined on YMA plates with NaCl concentration adjusted from 0 to 6 % (w/v, at intervals of 1 %). The pH range for growth was tested from 4.0 to 10.0 at intervals of 1 pH unit in YM broth. The following three buffers (final concentration, 50 mM) were used to adjust the pH of the YM broth: an acetate buffer was used for pH 4.0-5.5, a phosphate buffer was used for pH 6.0-8.0 and a Tris buffer was used for pH 8.5-10.0. Nitrogen-fixing ability was determined by growth in a nitrogen-free medium following Im et al. [1] . Biochemical tests were carried out by using API 20NE, API ZYM and API 50CHB kits and following the manufacturer's instructions (bioM erieux). Carbon source utilization patterns were determined by using the Biolog GN2 MicroPlate (bioM erieux).
Cells of strain HZ10
T were aerobic, Gram-stain-negative, methyl red-reaction negative, motile and slightly curvedand rod-shaped (0.3Â1.0-2.0 µm), with two polar flagella (Fig. 1) . Strain HZ10
T grew well at 28 C on YMA, LB and TSA. Colonies of strain HZ10
T grown on YMA were circular, convex and brownish after being incubated at 28 C for 48 h. Catalase activity was positive. H 2 S was not produced.
Strain HZ10
T showed fairly high resistance to ceftazidime (30 µg per drug susceptibility test paper, diameter of 6.35 mm), but it was sensitive to kanamycin (30 µg per drug susceptibility test paper) and streptomycin (10 µg per drug susceptibility test paper). Strain HZ10
T grew at 4-45 C (optimally at 25-30 C) and pH 5-9 (optimally at pH 7-8). The NaCl concentration range for growth was 0-1 % (w/v). Hydrolysis of D-fructose, D-galactose, D-mannose and L-rhamnose was found to be positive. Hydrolysis of Tween, maltose, starch and nitrate reduction was found to be negative. Compared with the type strains of H. chlorophenolicum CPW301 T , H. seropedicae Z67 T and H. aquaticum IEH 4430 T in this study, the strain HZ10 T could utilize malonic acid D-serine and salicoside, but could not assimilate henylacetic acid or L-histidine. The detailed physiological and biochemical characteristics for strain HZ10
T are presented in Table 1 and in the species description.
Cellular fatty acids were extracted as described by K€ ampfer and Kroppenstedt [20] . The fatty acid methyl esters were analysed by using gas chromatography and following the MIS operation manual (MIDI). Fatty acid methyl esters were identified and qualified by the Sherlock MIS software (version 4.5). Ubiquinones were extracted from cells that had been grown in a nutrient broth (Difco) and they were analysed as described by Komagata and Suzuki [21] , by using reverse-phase high-performance liquid chromatography. Polar lipids were extracted and analysed by two-dimensional thin-layer chromatography [22] .
The major fatty acid profile of strain HZ10
T consisted predominantly of C 16 : 0 (20.9 %), C 12 : 0 (3.4 %), C 12 : 0 3-OH (3.2 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 36.6 %) and summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c; 23.1 %) ( Table 2) . A similar fatty acid composition profile was observed for H. chlorophenolicum CPW301 T , H. seropedicae Z67
T and H. aquaticum IEH 4430 T , as found in previous studies [1, 3] . In the present study, the percentages of summed feature 3, C 12 : 0 , and summed feature 8 in strain 
HZ10
T were higher than in other three type strains, but the percentages of C 12 : 0 2-OH, C 14 : 00 and C 17 : 0 cyclo were lower. Much like the type strains, H. chlorophenolicum
CPW301
T and H. seropedicae Z67 T [1] , strain HZ10 T also had Q-8 as the predominant ubiquinone. Similar to H. seropedicae Z67 T [23] , the major polar lipids in strain 
HZ10
T were diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol (Fig. S1 , available in the online version of this article).
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene were performed as described by Chun and Goodfellow [24] . The universal bacterial 16S rRNA gene primers [forward primer P1 (5¢-CGGGATCCAGAGTTT-GATCCTGGCTCAGAACGAACGCT-3') [25] and reverse primer P6 (5'-CGGGATCCTACGGCTACCTTGTTACG ACTTCACCCC-3') [26, 27] ] were used. The PCR product was purified and sequenced by an automated DNA sequencing system (ABI 3730XL). The 16S rRNA gene sequence of strain HZ10
T was aligned with those deposited in the GenBank database and the sequence similarities were calculated with the EzTaxon-e server [28] . Alignments of the 16S rRNA gene sequences of strain HZ10
T and other type strains of the genus Herbaspirillum were carried out in CLUSTAL_X version 1.8 [29] . Phylogenetic trees were reconstructed by using multiple methods available in MEGA v.6.0 [30] . Neighbour-joining and minimum-evolution trees were reconstructed by using Kimura's two-parameter model [31] with the pairwise deletion of all gaps; a maximum-likelihood tree was reconstructed by a general time reversible model [32] , in which the nearest-neighbour interchange method was used and all gaps were treated with partial deletion. Bootstrap analysis was used to evaluate the confidence level of the branch nodes by performing 1000 replicates [33] . The nifD and nifH genes encode key enzymes in the nitrogenfixing pathways of various micro-organisms [34] . Two pairs of primer systems, Fdb261-Fdb260 [35] and PolF-PolR [36] , were used to respectively amplify the nifD and nifH genes in strain HZ10
T .
A nearly complete 16S rRNA gene sequence (1405 bp) for the strain HZ10 T was obtained. Sequence similarities between the new isolate and species in the genus Herbaspirillum and other related genus were calculated with the EzTaxon-e server [28] ; strain HZ10
T showed the greatest degree of similarity to H. chlorophenolicum CPW301 T as a member of the genus Herbaspirillum based on the derived neighbour-joining, minimumevolution and maximum-likelihood trees (Fig. 2) . Strain HZ10
T clustered in a well-supported clade with the type strain H. chlorophenolicum CPW301 T , which was the closest species to strain HZ10 T . Much like the type strain H. chlorophenolicum CPW301
T [1] , strain HZ10 T also did not grow on a nitrogen-free medium, and the nifD and nifH genes were not detected by the PCR-based methods, together indicating that strain HZ10
T lacks the ability to fix nitrogen.
Draft genome sequences of strain HZ10 T , as well as those of H. aquaticum IEH 4430
T , were obtained via the Illumina HiSeq platform. The resulting paired-end reads (150 bp) were assembled in SOAPdenovo version 2.04 [37] . Gene annotation was performed by using GeneMarkS version 4.17 [38] and the reads were deposited in the short read archive at NCBI (Table 3 ). Sequence scaffolds of the two strains (HZ10 T and H. aquaticum IEH 4430 T ) were deposited at DDBJ/ENA/GenBank under the accession numbers NJGU00000000 and NJGV00000000, respectively. The genomes of H. chlorophenolicum CPW301
T and H. seropedicae Z67
T are available in DDBJ/ENA/GenBank under their respective accession numbers of LFLT00000000 and CP011930.
To analyse genome relatedness, the average nucleotide identity (ANI) value was calculated with JSpeciesWS [39] . In addition to ANI, the in silico pairwise DNA-DNA hybridization (DDH) values were estimated for strain HZ10
T and the most closely related strains with an online Genome-to-Genome Distance Calculator 2.0 (http://ggdc.dsmz.de/distcalc2.php) [40] . For species delineation, the recommended threshold of 70 % genomic relatedness based on DDH [41] has been shown to correlate to 95-96% ANI, when derived from a whole genome sequence [42] . The ANI percentage values between strain HZ10
T and the type strains of H. chlorophenolicum CPW301 T , H. seropedicae Z67 T and H. aquaticum IEH 4430 T ranged from 86.9 to 88.0 %, which is below the proposed threshold of 95-96 % and thus supports the identification of strain HZ10 T as a novel species (Table S1 ). The in silico DDH values comparing strain HZ10
T to the type strains of H. chlorophenolicum CPW301 T , H. seropedicae Z67
T and H. aquaticum IEH 4430
T ranged from 26.6 to 29.3 % (Table S2) , which is well below the proposed threshold of 70 % for a same species designation. This latter result further supports the classification of strain HZ10 T as a novel species.
On the basis of the phenotypic and genotypic data and the genome relatedness based on ANI and DDH, strain HZ10
T represents a novel species in the genus Herbaspirillum, for which the name Herbaspirillum robiniae sp. nov. is proposed.
DESCRIPTION OF HERBASPIRILLUM ROBINIAE SP. NOV.
Herbaspirillum robiniae (ro.bi¢ni.ae. N.L. gen. n. robiniae of Robinia). The type strain, HZ10
T (=JCM 31754 T =CCTCC AB 2014352 T ), was isolated from root nodules of Robinia pseudoacacia growing in a lead-zinc mine in Mianxian County, Shaanxi Province, China. The DNA G+C content of the genomic DNA is 64.9 mol%. 9. Chaudhary DK, Kim J. Noviherbaspirillum agri sp. nov., isolated from reclaimed grassland soil, and reclassification of Herbaspirillum 
